14 Young Mee Lee, Jae Koo Noh, Hyun Chul Kim, Choul-Ji Park, Jong-Won Park, Gyeong Eon Noh, Woo-Jin Kim and Kyung-Kil Kim Dendritic cells (DCs) exhibit important functions in the initiation and differentiation of immune responses and serve as a link between the innate and adaptive immune systems, and some lectins are known to be involved in the adaptive immune response (Wassaman et al, 1986; van Vliet et al, 2008; Zhu et al, 2013) . In adaptive immunity, lectins function as regulators by recognizing bacterial or viral pathogens on DCs, which involves cytokine signal transduction, lymphocyte maturation and polarization against the invading pathogens (den Dunnen et al, 2010) .
Recently, several members of the lectins have been studied in various defense mechanisms related to pathogen infection. C-type lectins have been reported in zebra fish (Danio rerio) (Zheng et al, 2015) , roughskin sculpin (Trachidermus fasciatus) , grass carp (Ctenopharyngodon idellus) (Liu et al, 2011) , Scophthalmus maximus (Zhang et al, 2010) , orange-spotted grouper (Epinephelus coioides) (Wei et al, 2010) , Japanese flounder (Paralichthys olivaceus) (Kondo et al, 2007) , tongue sole (Zhou and Sun, 2015) and common carp (Cyprinus carpio) (Savan et al, 2004) ; fish-egg lectins have been reported in rock bream (Oplegnathus fasciatus) (Kim et al, 2011) ; galectins have been reported in roughskin sculpin (Trachidermus fasciatus) , Japanese flounder (Paralichthys olivaceus) , Atlantic cod (Gadus morhua) (Rajan et al, 2013) , Korean rose bitterling (Rhodeus uyekii) (Kong et al, 2012) and sea bass (Dicentrarchus labrax) (PoisaBeiro et al, 2009) ; and serum lectins have been reported in Trichogaster trichopterus (Fock et al, 2001) and spotted halibut (Verasper variegatus) (Hatanaka et al, 2008) . Tissue samples, including brain, eye, gill, intestine, kidney, liver, muscle, spleen and stomach samples, were dissected from ten healthy olive flounders (total length of approximately 10 cm, 4~5 months old) and immediately frozen in liquid nitrogen, followed by storage in a -80°C freezer until use.
VHSV challenge
The olive flounders were divided randomly into two groups for the VHSV challenge experiment: a control group and a challenged group. The control and challenged fish were injected with 100 μl of phosphate buffered saline (PBS) or a VHSV suspension (10 4.8 TCID 50 virus/ fish), respectively (Kong et al, 2009) . The temperature to which the experimental fish were subjected was controlled at 15°C using a re-circulation system, without flow and feeding. The kidney, spleen, liver and gill were collected under aseptic conditions at 0, 1, 3, 6, 9, 12 and 24 hours and at 2, 3, 4 and 5 days post-injection. Tissues from each fish were pooled together in equal amounts and frozen in liquid nitrogen. The pooled tissues were ground using a homogenizer, and equal amounts of the ground tissues from each fish were mixed and subjected to RNA extraction.
Total RNA extraction and cDNA synthesis The relative expression ratio of the target gene versus the β-actin gene was calculated using the 2 −ΔΔCt method (Pfaffl, 2001 ). All samples were analyzed with three duplicates, and all data are presented in terms of relative mRNA levels, expressed as the mean ± SE (n = 3). Statistical analyses were performed with SPSS 17.0 software (SPSS Inc.) and the data were subjected to one-way analysis of variance (ANOVA). Differences were considered significant at P <0.05 (*)
and extremely significant at P <0.01 (**).
Results
Tissue distribution of olive flounder lectins mRNA under normal physiological conditions
To examine the expression profile of lectins in various tissues of olive flounder, real-time PCR analysis was employed using β-actin as a control. For both the olive flounder lectins and the internal control β-actin, there was a single peak at the corresponding melting temperature observed in the dissociation curve analysis, which confirmed that PCR amplification was specific. To compare the relative expression levels of the mRNAs in different tissues, the lectin transcript levels in the tested tissues were normalized to that in the tissue showing the lowest expression (set as 1).
As with previous studies, our results shows that the expression of C-type lectin mRNA was observed to be much higher in the liver (Fig. 1A ). The highest galectin transcript level was observed in muscle, followed by the intestines, stomach, gills, spleen, eyes, brain, and kidneys, while the expression level was lowest in the brain. The levels of galectin mRNA in the muscle, intestine, and stomach samples were all significantly higher than in the liver (Fig. 1C ) (Jang et al, 2013) .
In the present study, the mRNA level of serum lectin was very high in the liver and low in the spleen and intestine (Fig. 1D) . The expression pattern of fish egg lectin was similar to that of C-type and serum lectin, being predominantly expressed in the gills, also known as other immune tissue, whereas it exhibited lower levels in the eyes and muscles (Fig. 1B) .
Temporal expression profiles of olive flounder lectins in VHSV-infected olive flounder tissues Expression patterns and timing are preferentially confirmed with VHSV-induced marker genes to verify a successful VHSV infection experiment. The mRNA level of CD8 was only induced in the early stage in VHSV-infected olive flounders, while caspase 3 expression was high in both the early and later stages in the kidneys; these results are consistent with previous findings (Avunje et al, 2012) . To investigate whether olive flounder lectins were involved in the response to VHSV challenge, quantitative real-time PCR was performed to detect the lectin mRNA levels in the kidneys, spleen, liver and gills, which showed a close relationship with the immune response. To examine the effect of viral infection on olive flounder lectin expression, olive flounders were challenged with VHSV, and the resultant expression profile was analyzed from the early to the later response to pathogen infection.
As shown in Fig. 2 , C-type lectin expression was induced in a time-dependent manner in response to VHSV challenge. However, the general induction patterns were different depending on the tissue. Following VHSV infection, C-type lectin expression was (A) CD8 and caspase 3 were used as markers to ensure a successful VHSV infection experiment (inset). The samples were analyzed at 0, 1, 3, 6, 9, 12 and 24 (1D) hours and at 2, 3, 4 and 5 days post-injection. The expression of β-actin was used as internal control for quantitative real-time PCR, and each experiment was performed in triplicate. An asterisk indicates a statistically significant difference (*p<0.05; **p<0.01) compared with 0 h (set as 1). The results are reported as the mean ± standard deviation (SD) of triplicates. Significance was analyzed via one-way analysis of variance (ANOVA) using the SPSS 17.0 program. dramatically increased, reaching its peak level at 1 hour post-infection in the gills (4.97-fold) (Fig. 2D ).
In contrast, VHSV infection induced no apparent expression during the early response and was significantly up-regulated during the later response in the kidneys and spleen (169-fold at 4 days post-infection and 28.3-fold at 3 days post-infection, respectively) ( Fig. 2A and B) . In the liver, C-type lectin was initially significantly down-regulated from 3 h to 12 h post-challenge, then returned to normal levels at 2 days post-infection and gradually increased in response to VHSV infection in the later response stage (Fig. 2C) . The variation of the expression of C-type lectin was not great compared with other tissues, as this lectin is already expressed at much higher basal levels in the liver.
When fish egg lectin expression was assessed during the response to pathogenic infection, all three patterns were observed, including the early response, later response and both responses. In particularly, fish egg lectin transcript levels were increased in both the early and later response stages in the kidney infection, which is referred to as a two-peak expression pattern.
Fish egg lectin mRNA was primarily up-regulated, reaching a peak at 3 hours post-infection and then dropping to below the basal level at 24 hours postinfection. Thereafter, the fish egg lectin mRNA level was up-regulated again and peaked at 4 days post-infection (Fig. 3A) . Fish egg lectin showed a one-peak pattern in the spleen and the liver; in the spleen, its expression increased gradually to up to 6.6-fold at 2 days post-infection, after which apparent down-regulation took place in the later response period (Fig.   3B) . Additionally, the fish egg lectin transcript level in the liver increased rapidly up to 17.1-fold at 3 hours post-challenge, then dramatically decreased and returned to a basal state (Fig. 3C) . In contrast to the previous results, fish egg lectin transcripts were greatly down-regulated as the infection continued in the gills (Fig. 3D) .
The galectin transcript levels in the spleen, liver and gills were observed to increase rapidly at 1 hour post-challenge, then progressively decreased to the lowest level in the later response period (Fig. 4B-D) .
No significant up-regulation was observed in the kidney in the VHSV infection experiment during the early response stage, and galectin transcript levels temporary declined at 2 days post-infection and then increased again (Fig. 4A ). Overall, the expression level of galectin was lower than that of the other lectins, with galectin expression being mainly concentrated in the initial response stage, while no apparent galectin expression was induced during the late infection stage.
Temporal expression analysis revealed that serum lectin was significantly elevated from 1 hour post-infection and reached its maximum level at 6 hours post-infection in the spleen (10.4-fold), then gradually declined to the basal level. In addition, serum lectin mRNA was slightly increased during the early in- Fig. 5B and D) . In the kidneys and liver, serum lectin expression showed almost no change in the early response period, while it was obviously increased later in the infection experiment in VHSV-infected tissue. The liver of olive flounder infected with VHSV exhibited a 12.5-fold elevation of serum lectin expression at 3 days post-infection; a similar pattern was found in the kidney at 4 days post-infection (2.4-fold).
There was little difference in expression observed during the early response period ( Fig. 5A and C) . In conclusion, the expression pattern of lectins varied depending on the VHSV-infected tissue and type. In present study, the spatial expression patterns of the lectins in various organs were different from each other under normal physiological conditions. Transcript of olive flounder lectins were specifically detected in the immune-related tissues, rather than being evenly distributed in various organs: lectins are mainly expressed in the liver and gill, except galectin. In particular, galectin was different from the other lectins, and our results suggest a functional difference for galectin. Gill is a unique organ in fish where the exchange of air and water functioning as the first mechanical and biochemical barrier. Water is a perfect medium for growth of bacteria and parasitic microbes, therefore, gills might be constantly involved in initial defense against the pathogens from water. Also, the liver is a major organ in response to inflammation and crucial for immunity as it is the main production site for immune-related genes. The tissue distribution of C-type lectin and galectin correspondence between previous studies and our research in similar size, although there are differences in growth depending on the breeding environment.
In the VHSV infection experiment, although lectins are known to be involved in the innate immune response, but expression was increased early as well as even later after VHSV infection. The transcripts of lectins were induced by viral pathogen infection and exhibited different regulation patterns in different tissues of olive flounder, which also depended on the type of lectin. After the olive flounders were challenged with VHSV, the mRNA expression of galectin increased significantly in the spleen, liver and gill in the early response. Unexpectedly, the expression of galectin was down-regulated in the kidney (the expression of fish egg lectin versa in the gill). Similar expression patterns of immune-relevant genes after microbe challenge have been reported. In conclusion, the immune-related tissue distribution and time-dependent upregulation against VHSV infection of olive flounder lectins, it is expected to be involved in the innate and adaptive immune response against this viral pathogen.
